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Abstract:  In the present study, 23 elite rice genotypes were test crossed with IR 58025A and based on which, 12 
restorer lines viz., Rajendra, MTU 1010, IR 64, KNM 118, NLR 33358, Satya, Varalu, RNR 15048, RNR 15038, Tel-
lahamsa, RNR(RK) 28 and RNR(RK) 53 were identified during Kharif- Rabi 2013-14. Then, three CMS lines viz., IR 
58025A, IR 68902A and IR 72081A were crossed with these identified 12 restorer lines to produce 36 hybrids in line 
× tester mating design and were evaluated along with standard hybrid check, PA 6129 at Rice Research Centre, 
Rajendranagar, during Kharif 2014 to find out the best heterotic combinations in terms of grain yield and yield com-
ponent characters. The degree of heterosis varied from trait to trait. Out of 36 hybrids studied, the significant stan-
dard heterosis for grain yield is observed in 3 hybrids, over best check PA 6129, viz., IR 58025A × MTU 1010 
(18.25), IR 68902A × RNR 15038 (14.59) and IR 72081A × RNR 15038 (9.57). The best experimental hybrid IR 
58025A × MTU 1010 recorded average heterosis (78.26) and heterobeltiosis (64.37). These three experimental hy-
brids can be further evaluated over locations for large scale commercialization in Telangana. 
Keywords: Heterosis, Heterobeltiosis, Rice and Standard heterosis 
INTRODUCTION  
Rice (Oryza sativa L.) is the most important staple 
food crop for more than 60 per cent of the global popu-
lation and forms the cheapest source of food energy 
and protein.  India has the largest acreage under rice at 
44 M. ha (22% of cropped area) with annual produc-
tion of 106.65 MT in the year 2013-14 as per Agricul-
tural Statistics Division, Directorate of Economics & 
Statistics, Department of Agriculture & Cooperation. 
To make the India self-sufficient in rice and to meet 
future food requirements, there is a need to improve 
the productivity every year by almost 2 MT (Raju et 
al., 2014). Results of the hybrid rice commercialization 
program in the China look promising. China has been 
able to produce 200 million tonnes rice annually from 
30 million hectares. Following China’s success in the 
commercialization of hybrid rice, India was one of the 
countries to start applied strategic research programme 
on hybrid rice. The area planted to hybrid rice in the 
country was around 2.5 million hectares during 2013 
as per FAORAP and APSA (2014). It is mainly culti-
vated in the eastern Indian states of Uttar Pradesh, 
Jharkhand, Chhattisgarh, and Bihar and has contrib-
uted 3-4 million tonnes of additional rice to India’s 
total rice production. As a result of concerted efforts 
for more than two decades, a total of 72 hybrids have 
been released for commercial cultivation and all the 
hybrids released in the country are based on the three-
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line breeding system as per draft proceedings of Indian 
Institute of Rice Research (IIRR)-2015. The success of 
hybrid rice programme depends upon the magnitude of 
heterosis which also helps in the identification of po-
tential cross combinations to be used in the conven-
tional breeding programme to create wide array of 
variability in the segregating generations (Krishna 
Veni and Sobha Rani, 2003). With the objective to 
identify potential cross combinations, 36 hybrids were 
developed using CMS (Cytoplasmic Male Sterile) lines 
system and studied for yield and yield contributing 
characters in the present investigation.  
MATERIALS AND METHODS 
Fertility restoration studies carried out for 23 elite lines 
by test crossing with single tester IR 58025A during 
Kharif and Rabi 2013-14. From the results of fertility 
restoration, 12 lines (i.e., Rajendra, MTU 1010, IR 64, 
KNM 118, NLR 33358, Satya, Varalu, RNR 15048, 
RNR 15038, Tellahamsa, RNR(RK) 28, RNR(RK) 53) 
with more than 75 (%) fertility restoration were se-
lected to study the heterosis.  The 12 lines were 
crossed with 3 CMS lines (IR 72081A, IR 68902A and 
IR 58025A) to develop 36 hybrids by adopting line × 
tester mating design given by Kempthorne (1957). The 
15 parents and 36 hybrids developed along with a sin-
gle hybrid check PA 6129 were evaluated in random-
ized block design with a spacing of 20 ×15 cm at Rice 
Research Centre, Rajendranagar during Kharif 2014. 
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All the recommended practices were followed to raise 
and maintain healthy crop. Observations were recorded 
for days to 50 per cent flowering, plant height, panicle 
length, panicle weight, number of productive tillers/
plant, number of unproductive tillers/plant, flag leaf 
length, flag leaf width, spikelet fertility%, number of 
filled grains per panicle, grain yield per plant, produc-
tivity/day, 1000 grain weight, grain length, grain 
breadth and length-breadth ratio. Data obtained was 
subjected to analysis of variance and heterosis, heter-
obeltiosis, standard heterosis over high yielding hybrid 
check PA 6129 were computed as given by Liang et al. 
(1971) and expressed in percentage as follows: 
Heterosis over mid parent: Heterosis was expressed 
as per cent increase or decrease observed in the F1 over 
the mid-parent as per the following formula. 
 
 Heterosis (%)  (h1) =  
       
 Where, 
         = Mean of F1 
 
          = Mean of mid parents  
Heterosis over better parent: Heterobeltiosis was 
expressed as per cent increase or decrease observed in 
F1 over the better parent as per the formula. 
        
Heterobeltiosis % (h2) =   
        
Where, 
        = Mean of better parent  
      Heterosis over standard checks: Standard hetero-
sis was expressed as per cent increase or decrease ob-
served in F1 over standard checks.             
  
Standard heterosis % (h3) =    
 
RESULTS AND DISCUSSION 
Analysis of variance revealed significant difference for 
all treatments. It indicates that there is sufficient diver-
sity among the genotypes. So, further heterotic studies 
were carried out. For days to 50% flowering, the stan-
dard heterosis ranged from -17.69 (IR 72081A × KNM 
118) to 2.53 (IR 58025A × Tellahamsa), when compared 
with check PA 6129. Early maturing hybrids are desir-
able as they produce more yields per day and fit well 
in multiple cropping systems. Out of 36 hybrids, 28 
hybrids showed significant negative standard heterosis. 
For plant height, the standard heterosis ranged from -
16.15 (IR 68902A × RNR (RK) 53) to 17.69 (IR 
58025A × RNR 15038), when compared with check 
PA 6129. Short plant type is an important trait of hy-
brid to withstand lodging. Out of 36 hybrids, 10 hy-
brids showed significant negative standard heterosis. 
For panicle length, standard heterosis ranged from -
BP
16.39 (IR 58025A × RNR 15048) to 21.31(IR 68902A 
× IR 15038), when compared with check PA 6129. Hy-
brids are generally characterized by having longer 
panicles, indicating their efficiency in partitioning as-
similates into reproductive parts. Out of 36 hybrids, 
three hybrids showed significant positive standard het-
erosis. For panicle weight, standard heterosis ranged from 
-45.35 (IR 72081A × Satya) to 57.70 (IR 58025A × MTU 
1010), when compared with check PA 6129 (Table 1).  
Panicle weight is positively associated with grain yield 
and is known to contribute grain yield via more num-
ber of filled grains. Out of 36 hybrids, 11 hybrids 
showed significant positive standard heterosis. For 
number of productive tillers/ plant, standard heterosis 
ranged from -39.39 (IR 58025A × Rajendra) to 54.55(IR 
72081A × Satya), when compared with check PA 6129. 
Number of productive tillers per plant is known to di-
rectly contribute towards grain yield and can be ex-
ploited. More the number of productive tillers more 
will be the yield and vice versa. Out of 36 hybrids, 17 
hybrids showed significant positive standard heterosis. 
For number of unproductive tillers/ plant, standard het-
erosis ranged from -50.00 (IR 72081A × Satya, IR 
72081A × MTU 1010, IR 68902A × NLR 33358, IR 
68902A × RNR (RK) 28, IR 58025A × MTU 1010, IR 
58025A × IR 64, IR 58025A × KNM 118, IR 58025A × 
Varalu and IR 58025A × RNR 15038) to 100.00 (IR 
72081A ×  Rajendra), when compared with check PA 
6129. Number of unproductive tillers/ plant is an impor-
tant trait of hybrid which reduces the yield. Hence, 
heterosis in negative direction which implies less un-
productive tillers/ plant is desirable for this trait. Out of 
36 hybrids, nine hybrids showed significant negative 
standard heterosis. For flag leaf length, standard het-
erosis ranged from -16.88(IR 72081× KNM 118) to 
54.55(IR 68902A × Varalu), when compared with check 
PA 6129. Higher flag leaf length is a desirable feature 
of hybrid rice for efficient photosynthesis at and after 
flowering. Out of 36 hybrids, 25 hybrids showed sig-
nificant positive standard heterosis. For flag leaf width, 
standard heterosis ranged from -53.33 (IR 68902A × IR 
64) to 0.00 (IR 72081A × RNR (RK) 28 and IR 68902A × 
Rajendra), when compared with check PA 6129 (Table 2).  
Out of 36 hybrids, none of them showed significant 
positive standard heterosis. For spikelet fertility per-
centage, standard heterosis ranged from -4.53 (IR 
58025A × Rajendra) to 8.00 (IR 58025A × MTU 1010), 
when compared with check PA 6129. Out of 36 hy-
brids, four of them showed significant positive stan-
dard heterosis. For number of filled grains per panicle, 
standard heterosis ranged from -33.75 (IR 68902A × 
Satya) to 68.74 (IR 68902A × Rajendra), when com-
pared with check PA 6129. Out of 36 hybrids, 17 hy-
brids showed significant positive standard heterosis. 
For grain yield per plant, standard heterosis ranged 
from -55.71 (IR 58025A × Rajendra) to 18.25 (IR 
58025A × MTU 1010), when compared with check PA 
6129. Out of 36 hybrids, three hybrids showed signifi-
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cant positive standard heterosis. For productivity/day, 
standard heterosis ranged from -50.47 (IR 58025A × 
Rajendra) to 24.90 (IR 68902A × RNR 15038), when 
compared with check PA 6129 (Table 3). 
Out of 36 hybrids, four hybrids showed significant posi-
tive standard heterosis. For 1000 grain weight, standard 
heterosis ranged from -30.45 (IR 72081A × RNR (RK) 28) 
to 3.72 (IR 58025A × MTU 1010), when compared with 
check PA 6129. Out of 36 hybrids, none of the hybrids 
showed significant positive standard heterosis. 
For grain length, standard heterosis ranged from -11.23 
(IR 68902A × Varalu) to 17.50 (IR 58025A × RNR 
(RK) 28), when compared with check PA 6129. Long 
grain type is most preferred so, positive significant 
standard heterosis is desirable. Out of 36 hybrids, 21 
hybrids showed significant positive standard heterosis. 
For grain breadth, standard heterosis ranged from -
20.64 (IR 72081A × RNR (RK) 28) to 8.97 (IR 58025A 
× RNR 15048), when compared with check PA 6129. 
Slender grain type is most preferred so, negative sig-
nificant standard heterosis for grain breadth is desir-
able. Out of 36 hybrids, 12 hybrids showed significant 
negative standard heterosis. For grain length-breadth 
ratio, standard heterosis ranged from -15.50 (IR 
72081A × RNR (RK) 53) to 34.35 (IR 58025A × RNR 
15038), when compared with check PA 6129 (Table 4). 
Long/medium slender grain type is most preferred so, 
positive significant standard heterosis for LB ratio is 
desirable. Out of 36 hybrids, 16 hybrids showed sig-
nificant positive standard heterosis.  
Earlier researchers also reported character wise contri-
bution of significant heterosis for grain yield per plant 
viz., through days to 50 % flowering (plants numbered 1-
9, 12-17, 19-25, 28, 29, 31, 32, 35 and 36), plant height 
(plants 1, 3, 6, 10, 12, 16, 19, 24, 25 and 32), panicle 
length (plants 14, 21 and 26) and number of filled grains 
per panicle (plants 1, 3, 4, 9, 11-14, 16, 20, 21, 23, 24, 26, 
29, 31 and 33) by Saidaiah et al. (2012) and Kumari Pri-
yanka et al. (2014);through panicle weight (plants 3, 9, 11
-13, 16, 21, 26 and 29), flag leaf length (plants 1-3, 6, 7, 9
-14, 16, 19, 20, 22-26, 28-31, 33 and 36), spikelet fertility 
% (plants 3, 17, 26 and 29) and productivity/day (plants 
3, 9, 21 and 26) by Saidaiah et al. (2012); through number 
of productive tillers per plant (plants 2, 5-11, 15, 17, 18, 
21, 22, 27, 28, 31 and 32) by Gouri Shankar et al. (2010), 
Tiwari et al. (2011), Saidaiah et al.(2012) and Rukmini et 
al. (2014); through grain length (plants 1-3, 5, 6, 13, 18, 
21, 22, 24-31, and 33-36), grain breadth (plants 11, 13, 
20, 21, 27, 28, 30, 31, 33, 34 and 36) and grain length-
breadth ratio (plants 3, 11, 13, 21, 22, 25-31 and 33-36) 
by Sanjeev Kumar et al. (2010), Sanghera and Hussain 
(2012) and Dar et al. (2014). These findings explain the 
desirability of significant heterosis of various component 
characters in improving the grain yield.  
Conclusion 
The present study concluded that heterosis for grain 
yield per plant is mainly because of simultaneous 
manifestation of heterosis for yield component traits.  
Out of 36 hybrids studied, the significant standard het-
erosis for grain yield is observed in 3 hybrids, over 
best check PA 6129, viz., IR 58025A × MTU 1010 
(18.25), IR 68902A × RNR 15038 (14.59) and IR 
72081A × RNR 15038 (9.57). These three experimental 
hybrids are recommended for further evaluation over 
locations and seasons to study its performance, for 
large scale commercialization in Telangana.  
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